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BE HEZIH ERWBRMRE EFZEFRE) ERMEES T XM —MEE, FIF GIS L5 & fE 41T SPOT
VGT NOAA/AVHRR ,EOS/MODIS \ TM 7 DEM ¥4 , 4875 1% X SR #f e Ak (B ) £ A8 R TR P B Y S50 1998 — 2009 4R
NOAA/AVHRR #1 EOS/MODIS 3 B ISMRH , % KIS ER B G E B3, E R AT IE R — 40 B0 517 BIX 1 74
W& B4 F2R, R IIRBHE MG A B0 25 R0 (e AR , T B IR 16 00 B B3 F = AL AP #1999 — 2007 4 SPOT
VGT NDVI 7R R, B X4 NDVI IEAL FHuE EFH B, RS ER 0. 0078, S HEFHR AKX Y NDVI ZEEH BIB/N, 5
JLER AR X B9 NDVI ZZ{EAEBHINK o IBHFRIEH TM AR AR 2RSS RS L a7 U8B , 8 LR I 4 SRR B bk (BE) B AL
SGREBEN, ASHRETHENNE, 51997 £, ) 2007 £EZILIA 68. 37% Bt A FHH 0, TR T 35° BBkt
91.45% SEBL T 1B, 25 — 35 WA 74. 70% BB, 48 RHR o3 5 P B s SE B TR B, T B AR5 2 O e 0 bR B i 2 AR
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Remote sensing analysis of the effectiveness of converting farmland into forest or

grass in the hilly gully region of Northern Yanan

SUN Zhihui', LEI Yanpeng' ,ZHUO Jing’, CAO Xuemei', LIU Zhichao', LI Dengke’
1 Meteorological Bureau of Yan’ an, Yan’ an, Shaanxi 716000, China
2 Shaanxi Remote Sensing Information Center for Agriculture, Xi'an 710014, China

Abstract: A comprehensive analysis of the SPOT VGT, NOAA/AVHRR, EOS/MODIS, TM and DEM data by using the
Geographic Information System ( GIS) showed that the ecological construction project for changing cultivated land back into
forest or grass land in seven counties of northern Yanan has achieved some effects. Examination of the NOAA/AVHRR and
EOS/MODIS remote sensing monitoring data from 1998 to 2009 revealed that the area is highlighted in the remote sensing
images, distinct from the adjacent areas to the north and west. All the results demonstrated that the vegetation coverage is
improved and the vegetation recovery is better in the hilly gully region of northern Yanan. Evolution of the SPOT VGT NDVI
from 1999 to 2007 illustrated that the difference between the NDVI in northern Yanan and the NDVI in secondary forest is
significantly reduced. The difference of NDVI in Northern Yanan and that in grain-growing areas is obviously increasing.
The NDVI is in a rapid increasing stage with the linear trend value being 0. 0078, visibly higher than that of the surrounding
area. Comparative interpretation of the TM images before and after the farmland reconstruction illustrated that the effect of

converting farmland into forest is remarkable in recent years, with great improvement in the ecological environment.

ESWMA LA R BT E (2007-09)
o7 H #9:2010-01-18; 81T H#§:2010-10-21
* A IAAEH Corresponding author. E-mail ; yaszh@ 163. com

http://www. ecologica. cn



6556 = R S 30 &

Compared with the situation in 1997, 68.37% of arable land in northern Yanan is no longer farmed in 2007. The cultivated
land is changed mainly into grassland, woodland, or orchard. The forest/grass coverage has markedly increased, with an
attainment of 65.3% , raised by 24.3% . The grass area has increased pronouncedly in particular. By the year 2007, the
area with vegetation coverage of 30% —50% is the largest, occupying nearly half (47.2% ) of the total area, and the area
with tall vegetation has also dilatated a lot, from 6% in 1997 to 22% in 2007. TM images and DEM data analyses showed
that the soil erosion intensity decreases in general. Areas of violent soil erosion, extremely heavy soil erosion, and heavy
soil erosion have diminished notably, by more than 50% . However, the areas of violent soil erosion and extremely heavy
soil erosion still account for 13.3% of the total eroded soil land of China in 2007, so the situation is still formidable.
Vegetation coverage is dominated by shrub and grass. The area covered by trees takes only a small percentage, and the

forest coverage is only 22.4% . Therefore, strengthened governance is still imperative.

Key Words: vegetation; returning cultivated land into forest and grass; remote sensing; northern Yanan
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EMEHERTEZRAKRBEHINS 0 H T RPHEME B I TAE, bEE BB AR R R, st
B RN EFIRA T2 ML, AR A= B EERYE, R A S FRER I A E B 5 bR, R4,
A T 0 Y V3 — Ak A #4580 NDVI ( normalized difference vegetation index ) 5 4% 6 M- 4= ¥ & . M FR TS
YL GRS BT YRR B RSP 7= 01 B ARG AR S, I T L R A A 0 25 B 1Y
FERE T S A 0 TR R st R PR A T 2 R A, TR RN SE BN PR B A AL M Y EE
FB G, BLF RS A GIS HRTEM BB TEYCEZ N ZEM, 2T H 1998 477 52471 #hE
AT, BUS T 83 B3, B & LR AR R B B T 2R EEBHEMRING & . FEHEERTE
LR RAR BT T 5 5 T RIS, S B AR B LA AR B T AR R M E R AR T
IR YRR T RE N B, BB A K E AR R AR . R E BFR R R
WA AESHET , RS T IR PHAM TR, HAUCR A R sk JEH R —MiE L W Hch — Nk
BFE %>, RAFIF GIMMS 1 SPOT % 42 Hk 2 TLE 22 WL )7 T 4 B o ') o DARE 22 i3 6 3 o 481, 1
SPOT VGT .NOAA/AVHRR .EOS/MODIS %4 7 W 15t B 7% IX s g R 00 i A28 4L, R TM 38 B 5 g
oA PR GL BB 35, 42 ARC/INFO i385 B RAE M ZH T, 5 DEM $E& 4 drit S sdk s m iR, +
AR B, WFIT IR BHEARAT G A o R 55 B P b T OR339 4% D 5 BE 9 AR b, S B 38 7
FELZ AR BRI A: A5 2 i T AR BT B I 23K o
1 FRREER

LA FRRALEE £ R R B 8 X, I E O 35°21'—37°31'N, 107°41'—110°31'E, ##HFEILE , R
R, H% LAYR 225 o 3, 84K 0 800—1800m , -4k 2 1200m, FEZE AR HuIE LABRIF O 3=, M9k DA R AR IR
M, ZRARE 35 3R7E 70% L b, K £ R, SE % AL DL Fe 2 i B 3, R bR AR AR, I B, R
B EEEMR B RABR N ERX " B R ST RE TR ) ERMEET &
(X)), SR 20837km’, A H 134,96 J7 N KRN IR T R @ 083 WA R, FFB MK E 450—
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ToREH 150—183d, 1998 £ELIK , SEZ A& AR N 38 i -5 F IR BUK LR, s AR I, US L
MRS AR LS5, B T BB, N, &R R E , RRE R WIS, TR L
IBHHEARE R =AU BTk AR, SR B AR 3 BE R T 25° L A sthaR F Ok, 3 1L 254, IR A B . KUk 2008
SRR, RE L AGH B T B KGR AHAAK I BN 4. 97 x 10°hm? , &5 &R AFA M B B 85% .
2 BBEHE
2.1 &l
SPOT VGT %43k B H A Bt 3= 5. R 5T Bf ( Flemish Institute for Technological Research, Vito) %k ffi )
10 B ARMEE REE , 25 [ 730 HE 32 1 km, Bf[E]JZ 1998 4E 4 H—2007 4212 H . XMEIRES, X = KHE
B ARG A R T TARIE™ o 7 GIS St#s T M A BREE  $R B T 4 b &4 B NDVI,
HITER I
TM 45 LANDSAT 4 i B i Il , 4t 8 4, Hoas [ 43 HE 0 30 m, 4 524 (1283412835,
12734 12735) BtAH > 1997 4E 8 H 23 H, B 4 B55158 12834 .12835.,12734 12735 B4R 51 2 2007 48 H3 H
M9 H 20 H, ElhIRESBIRETE 1:25 TRELT 2B REFHIE 105 7T RFRER, X 84 B ¥k 3
BT EGAEEOE FHB 7328 LR G B RS A o TR A BORHR T B 3 VI G A TS BE Bk
NOAA/AVHRR #1 EOS/MODIS ¥4 \E K TESZR H 0 1 v B TR 2 BEE B F 88, I A R HE
B AT AT AR
2.2 e
2.2.1 NDVI it
IH—CAE G B ( NDVI) 72 [ Wb RAB SRR 1 8 S, fEBREG L, M E R FEE T g EHEY
M OETEAFIE 22 5 R Sh ARk Ot . AR E0E i 268 BUR S 2 B AR L 40 & 4 R X A R —
SN B SCHIHERT 38 H R YOGS R 2050 5 R WOGLL0 R B SR Ik B (B R A S A e 4. R
£LGMLLSMNEIE (AVHRR F1 MODIS 55 1,56 2 B W4T 2 IR R Ref, Fl Ref, ,MR4E TG B|B—F0u A EK
IH— AL 16 8 NDVI {8
NDVI = (Ref, — Ref,)/(Ref, + Ref,) (1)
NDVI R T RS B A 6 B, S A 3 B R A e
2.2.2 TM ZARMIRRERI AT T 1
b A W 2 ) AR A I - 3t A P S AR AR BT R A B BOR TR A2« 1 SR PR R T b B AL L AR A I
BYAMAA IIGRAE X T B o BT e TH BN 4328 WS BE TR = 4B 507 L3RR I A3 A7 B B
ARG 4F, X 2 i3 #2 /2 ERDAS IMAGINE 3% 8% B {5 Ab 3 1 ARCMAP Hi 35 B R A M4 L+ T 5L
B
(1) b FIFAREIREE 2 BE R LR 73 B eI 456 SEhn il FlE O, S5k B g3 13 2%
KRR 13 ADNTREEIFMT A—F3, BI7K i it CR AR JEAR SRR B A P (703l
o BRE) Bt (R oK H ) B R T R R . R GPS B AR 2 SR Hh B AR AL A B8
VE AR , X 4y A UG HATHE BE VA , 1997 4E HIZR-6 43 25 BE X B 85. 58% , KAPPA =0. 819,2007 455 4
SN AT 83.31% ,KAPPA =0. 789, B3k 8| T Hefk i K BIKEE 0.7 mBR® .
Q) Mp BRI E I
WS EHRHEE MR E RS LR aE R, B, FATRHE .
f =(NDVI-NDVI . ) /(NDVI ..~ NDVI ..) (2)
FoHr, NDVI g FirsRAZTT IR B8 5%, NDVI | F NDVI . 43 5] S ke R 26 33 M e 18 8k, ZERFE X
B, BRA st , SO LU BRI SERARAR X, A A RS , AP A b SR S A BESK . FT LGB TR
WX, NDVI ) KAt/ NEAUME 1B NDVI |, 1 NDVI ., o XFIEAESRBE w25 | R M 415 8, R 4G NDVI <0 fyith
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X TG 9 o, NDVI >0 3 XA A PO o, X — (5 R B R R R R & 2047, 82 T 1997 47,2007 4F
LA OB w5 A o

(3) Bk T EE B SOHR 1:5 J7 DEM SRk B, dE AT iR B HSF . 1T 1:5 J7 DEM Wifih#%
Bl BR RN 25 m x25 mo 5 TM EGORILES, PRt i I S2 75 AR 77 4% DEM 500 R/ E] 30 m
30 mo P IR EF A DEM TR R R A3 BE (L, A5 FS0RE O 358 82 1B, e 352 JEE 45 IR Sl i By B i
R o Mt B SRR 7 BN RIS BE S5 5% o SR A ERDAS IMAGINE £ Spatial Modeler( 3 [RIAERY ) 4] T 35
B

(4) LRI HT . ZACTRLK Ry 3, 5 IR A PR S AR 38 BOR BT IALAR ) (BRvi
#uJ7FRHE DB61/T 336—2003 ) /K J7 R I/ P BER (58 4) XL L0 HK 1997 48,2007 4 L {2 il i AT
THRE

F1 ERIHBIBEEHGREIS

Table 1 Classification standard of soil erosion intensity in northern Yanan

eRE b R % % LT Slope / (°)

Non-cultivated land vegetation coverage 5—8 8—15 15—25 25—35 >35
>60—75 B B BE BE B
>45—60 )5S B BE BE SR
>30—45 L2 HEE HE SR AR BE

<30 i e R Ao BE Iz
e#k b Sloping BE P IR R B
3 GREGW

3.1 mEIGEE BRI

& 1 2 1998 4 NOAA/AVHRR4 2 .1 i £ RGB & B HBE (@ B 4% F1 2001.2003 2005 2007 F1 2009
42 EOS/MODIS7 2.1 i@ & M BE B G, NESG LT LUEWE H,2001 45258 B8 E B 8 B,
BRI, LG RERFAGRIEW . 2003 £ ZJLE B SHMR DA LI IR R I, 2005 /54515
LA R, P DA Bt S 22 A A O e B TR AT, 5 o B DX el 2 S AR AR R K, M B 7 s A S4B AR 1R
5 A B X3

SIHTREZ A ERFE AR B AR (B 2) , 7E 1998 48, B/ IR AE AR X Ab, KR Hb X NDVI{HAE 0.2 AT, UG
BAEHE N, 2 2009 49 H ,NDVI {HE#AE 0.5 DAL FEgFEE0S M., 9 A G2 —F P AP RERNAE,
FEBR G B8 B S A S et S 2 AL AR A e AR
3.2 AL ER SR X B (R ER NDVI )4 FRAE AL

Y TR G b U A R 22 A AR AR 5 L i X IR AR AR B AT, A 2 A ER S AT DX I g L JL R AE 4B EAR S A L
X3, Geit 1999 4% 2007 EFEZZJLEFNH A XA SPOT VGT NDVI 4 P48, it B 2 E , B ERE T
B3, HE3 A LES, EZILER 505 X I8 mE #R K AE AR IX () NDVI = EIE B #iB/N, A TR y =
~0.0058x +0. 2268 ,R* =0. 644 ,n =9 ,P <0. 01 (X H,y g NDVI,x HEHE ) ; SHFEXIBALE i 22 (E 7E
BWiE K, R FE R ¥ =0. 0029% +0. 0636, R* =0.705,n =9, P <0.01, 4:H7 1999 4 Z 2007 4 NDVI
HIAEPRAS AL, B RR IR AE AKX, NDVI 280/ INVE bR 3, B 225 NDVI 52 B S 3 i 3, SE- 344738 im 0. 0078 ( R?
=0.5838,n =9, P <0.01) , 555 KIRItE NDVI H 2 B e, SE X451 0. 0049 (R? =0. 344,n =9, P <
0.1) HAHRREUK, S50 A Fe 0T B MEE — 2P IiE . BF5 KRN RAR R AKX, R 5R
RERA X, LR HEME R E R A8 PR M2 SR SR BHEAREIL R 0, IR HHE AR R K
TFARBEER , 5 XA R E AR R, RS E R/, AR B b R E R REE R, B A
HAEB/NEW . SR, EZ ISR O R RS T X,
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A NOAA1998-09-29

C MODIS2003-09-24

D MODIS2005-09-08

E MODIS2007-09-14

3.3 LRI R

E1 ERILBEBRVGRE

Fig.1 Remote sensing imagery in northern Yana

F MODIS2009-09-28

7 2 T LAA Y, FEZ2A0EE 1997 4EHFHE Ay 1123145. 94 hm®, F] 2007 4R/ 351181. 57 hm’ 3B #f
EIRGK 771964. 37 hm A #FH ) 68. 37% A FEAEFY, Fe A8 bt B AR o 2007 4FAHl B3t SR b ThD
FUEL 1997 £E4) BB T 341028. 46382442, 64 .48597. 43 hm’ 3K H 43 % g 89. 13% .81. 48% 165.79% ,
1997 SR RALTARM B TR N 18. 4% MABER N 19.8% , RE B 53Ny 41% , 2] 2007 53 HH KN
22.4% , 31.1% 01 65.3% , B ) R B B o

F2 ERIBAELMFAXBEREN
Table 2 Change of different land use area in Northern Yanan

TiH E Kk it B, E | #hith, J& Bt S
Ttem Year Water Woodland Grassland Orchard Farmland Residential Unused land
£ 2B T B/ hm? 1997 6804.23 382624.17  469353.46  29312.98  1123145.94  30547.66 37527.00
Various types of area /hm? 2007 15667. 83 723652.63  851796.10  77910.41 351181.57  48099. 82 20346.00
HEFRAE4k, Area change/hm? 8863. 60 341028.46  382442.64  48597.43 -771964.37  17552.16 -17181.00
A5V 43 & Percentage change/% 130.27 89.13 81.48 165.79 -68.73 57.46 -45.78
g g
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H—{ERLHE NDVI
(0—01) H— KA B
0.06 -0
0.11
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0.46 e i b

0.51 aq. ‘kiiii :

0.57

=

Hmw 0.80

A NOAA1998-09-29 B MODIS2001-05-31

C MODIS2003-09-24 D MODIS2005-09-08

E MODIS2007-09-14 F MODIS2009-09-28

E2 mERIEBA—ERERE

Fig.2 Normalized difference vegetation index in northern Yanan
3.4 PeHhim AR L

MK 3 W LAE ), 5B BFAT AT 1997 4FAHEL, 2007 4F 135k BEA b2 K 7 SEBLIB A , KT 35° B3 Bk iR
BHIEEE H 91. 45% ,25°—35° B3 p MR B IR BE D 74. 7% , BRI A3 bk baB A W BE ok B T 50% —70%

R3 ERIBEESRFEEFHMBEAREL
Table 3 Area change of farmland with each grade in Northern Yanan

i H Ttem i{ﬁ <22 2—6° 6—15° 15—25¢° 25—35¢° >35°

HkHb B/ hm? 1997 22575.31 50512.29 184885.18  387055.94  366902. 86 98376.29
Farmland area /hm? 2007 7920. 50 22940. 50 60467.50  153557.90 92814. 80 8412.00
#hHbTE FRAS 4L Farmland area change /hm? -14654.81 -27571.79 -124417.68 -233498.04 -274088.06 -89964.29
ARK E 4% Percentage change/% -64.92 -54.58 -67.29 -60.33 -74.70 -91.45

3.5 MgERERL

1 4 FTLAE ), 5B BFAT Y 1997 4FAH EL R 9078 ot B2 A - 3 T AR7E W B2 s/ , A I e A 9 B i BE
F0 - 3 T R K 8 B2 094 o AL 2 BE /N T 30% FRY TR AR OR Wi/ , 4 1) 90 B i BE /1N T 10%% 1 T ARk 2 i B2
ik 83.42% FEBCE B KT 30% KIS, 18 1997 4, ME0E 32 AR 10% —30% KT AR K, o 6 AR
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15 65.6% , £ 2007 4, Mg 1 B 1E 30% —50% KT BUECK , & S AR 47.2% K —+F
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e e It
8 0251 .
8 TT] 8 2007 m 1997
: —
£ 020 . o
2 gb 50 |- _
g 0.15 - ol -
s 5
#0101 i ;;r ol
----------------- - B
R ISP . |
= 0.05 - c o :
0L L L L L | I I | 0 ,_I | | . a E:j _
30 =30—50 =50— >70
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. 0

AEHr Year

B4 ERLBESRERBEEERIELEARTS L

B3 ZRIEMSHRXIEIL.BEE NDVI £EHE
Fig.4 Each grade vegetation coverage percentage of total land

Fig.3 NDVI difference figure in northern Yanan and study area
north, south

area in northern Yanan

3.6 TIEERMIEETL
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Table 4 Area change of each grade soil erosion intensity in Northern Yanan

iH 4 B I R SE S JEAY
Ttem Year Mild Moderate Strength Pole strength Severe
F R P T A hm? 1997 103904. 30 439390. 04 679721.33 595325.85 145421.33
Soil erosion area /hm? 2007 285960. 30 788965.20 320087.20 266109. 10 64398. 04
A 2
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Area change/hm
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Percentage change
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